The influence of adsorbents like activated carbon (AC) and iron oxide nanoparticles (IO) on the filtration efficiency of polymeric ultrafiltration (UF) membranes is proposed to investigate by incorporating them in wt % of 0.25, 1.5 and 2.5 with cellulose acetate (CA). The completely homogenous CA/AC and CA/IO casting solutions were obtained by sonicating AC and IO, respectively in N, N'-dimethyl formamide (DMF) followed by mechanical stirring with CA. By dry/wet phase inversion technique, novel CA mixed matrix membranes (MMMs) were synthesized which were later evaluated for their characteristics using atomic force microscope (AFM), field emission scanning electron microscope (FESEM) and X-ray diffractometer (XRD). In comparison to the neat CA membrane, pure water flux of CA MMMs containing 2.5 wt % AC and 0.5 wt % IP were increased from 5.61 Lm -2 h-1 to 11.22 and 7.17 Lm -2 h -1 , respectively. These results suggest that the higher addition of AC influenced the membrane permeability whereas the amount of IP is found not to be surpassed beyond 0.5 wt% for improved flux. The wettability found by contact angle analysis suggests the higher productivity of CA MMMs and are evident by the adsorption nature of the chosen fillers. The polymer enhanced UF studies for rejecting COD, BOD and dissolved salts from the textile industry effluent has also been performed. The significance of CA MMMs lies on higher rejection efficiency with no compromise in membrane permeability.
1.0 INTRODUCTION
Polymeric modification using reactive nanoparticles is gaining prime importance in order to enhance the filtration properties of membranes. Membranes can remove various pollutants through the separation mechanisms of impaction, diffusion, electrostatic interaction, hydrophobic property, and adsorption [1] . Among several mechanisms, adsorption is the process most commonly used in identity to remove the dye constituents of textile industry effluent. The combination of different methods like adsorption and filtration for enhanced membrane separation is highly presumed to achieve significant reduction on pollutants due to textile industries. For a long time, application of activated carbon (AC) as dye adsorbent in textile and dye wastewater treatment has been studied [2] [3] [4] [5] because of its large surface area, polymodal porous structure, high adsorption capacity and variable surface chemical composition [6] . However, the addition of AC in organic polymer matrix for the synthesis of mixed matrix membranes (MMMs) has been very rarely studied. Ballinas et al. studied the influence of characters of AC on polysulfone (PSf) composite membranes in a continuous operation system [7] and concluded the high performance of a hybrid AC/PSf composite membrane better than non-hybrid ones. The effect of polyethersulfone concentration and AC loading on the performance of MMMs in terms of permeability and selectivity of O2/N2 gas separation has also been investigated [8] . Yet, the studies on application of AC coupled with membrane separation in wastewater treatment have only very less evidences.
Nanoparticles, having unique physico-chemical properties that differ from bulk materials, are of high interest in the manufacturing of membranes to achieve a high degree of control over membrane fouling and the ability to produce desired structures as well as functionalities. Nanoscale iron oxide (IO) particles due to the high surface reactivity as a result of their small size range of 1-100 nm [9] can transform chemical pollutants, such as PCBs, TCE, pesticides and chlorinated organic solvents in biosolids10. It has the ability to degrade pollutants effectively by reductive [11, 12] and/or oxidative pathways depending on the state of iron [13, 14] . Several methods to synthesize IO nanoparticles were available but the main challenges of these numerous and novel techniques lie in their capacity to obtain a narrow dispersion in particle size together with the desired compositional, structural and crystalline uniformity [15] . There are various stabilisers to obtain smaller and segregated IO nanoparticles has been studied in which the membrane [16, 17] based utilisation of IO is gaining importance in environmental remediation. The green synthesis of IO nanoparticles with the help of stabilising and reducing polyphenols is widely under research especially with the use of green tea extract. For such magnetite nanoparticles synthesis with controlled uniform particle size distribution, optimised method has to be found for high and controlled yield. The recent development of functionalized membrane makes it an ideal platform for immobilization of such reactive nanoparticles for the removal of pollutants.
The interface between a polymer matrix and inorganic filler plays an important role in the performance of MMMs. Hence, in this study, the feasibility of synthesis of AC and IO based MMMs was examined. To fully exploit the use of AC and IO for an adsorbent enhanced membrane filtration, different wt % of AC and IO was solution blended with cellulose acetate (CA). The source for IO nanoparticles was identified as the reduction reaction between green tea extract and ferric chloride. The influence of adsorption and reaction of incorporated nanoparticles owing to dispersion was confirmed by ultrasonication followed by which the CA/AC and CA/IO membranes have been successfully synthesized by phase inversion method. The characteristics of MMMs in terms of surface morphology, particle size distribution have been studied by field emission scanning electron microscopy (FESEM), x-ray diffraction (XRD) respectively. The performance of prepared MMMs was also evaluated for its permeability and rejection efficiency of chemical oxygen demand (COD), biological oxygen demand (BOD) and sulphates from textile dye effluent by means of polymer enhanced ultrafiltration.
2.0 EXPERIMENTAL

Materials
All chemicals and reagents used were of analytical grade and used without any further purification. Cellulose acetate (CA) was obtained from Sigma Aldrich, India limited. N, N'-dimethyl formamide (DMF) was purchased from Qualigens fine chemicals, Glaxo India limited. Ferric chloride was procured from Merck India Limited. Double distilled and Millipore water were produced in the laboratory.
Green Synthesis of Iron Oxide Nanoparticles
The synthesis of iron oxide nanoparticles with polyphenols as the reducing agent has been illustrated in many research works [18] . In this study, the reaction of ferric chloride with green tea extract forms the basis for the preparation of iron particles. 0.5 M ferric chloride and brewed green tea leaves extract was mixed in the ratio of 2:1 and kept under stirring at 250 rpm in ambient conditions. Later, the solution was centrifuged for 10 min at 6000 rpm by which the pellet remained has been washed twice with deionised water.
Preparation of CA/IO and CA/AC Mixed Matrix Membranes
The phase inversion method of membrane synthesis was followed for fabrication of CA/IO and CA/AC mixed matrix membranes. Different CA dope solutions were prepared by dissolving distinct composition of IO and AC with CA. The composition of casting solution is provided in detail in Table. 1. The homogenous casting solution for each composition was obtained by dissolving IO and AC initially in DMF solvent which after complete dissolution by means of ultrasonication was mixed with CA under mechanical stirring. The final doped solution was also sonicated for 30 min before casting to ensure homogeneity and casted on a cleaned glass plate. The thickness of the membrane was fixed as 400 µm using a film applicator (elicometer). After leaving for 30 s evaporation time, the membrane was immersed in distilled water maintained at 20°C. 
X-ray Diffraction Studies
The X-ray diffraction (XRD) pattern has been observed for pristine as well as CA/IO and CA/AC MMMs using X-ray diffractometer (Rigaku Corporation, Japan) constituting Nifiltered Cu Kα as a monochromatic radiation source (40 kV, 30 mA) with scintillation counter (NaI) as a detector. The samples were run between 10º and 80º of two theta angle. The intensity peaks at various two theta angles were identified to compare the grain size (D) of the crystalline particles present in each membrane with the help of full width half maximum (FWHM) of each peak and the following Scherrer's equation.
where λ represents the wavelength of the X-ray.
Morphological Studies
The top and cross-section morphology of synthesized membranes were visualized with the help of field emission scanning electron microscopy (FESEM, Hitachi, S-4160, Japan) operated at an accelerating voltage of 20 kV. The dried membrane samples were pre-treated using Au sputtering to impart electrical conductivity. The pore structure and diameter owing to the addition of adsorbents in each MMM can be analysed. The elemental analysis of adsorbents filled membrane surface and back scattered electron dispersion was performed by energy dispersive X-ray analysis (EDAX).
Ultrafiltration Studies
The flat sheet mixed matrix membranes were tested using a stirred cell dead-end ultrafiltration (UF) unit (Model Cell-XFUF076, Millipore, USA). The effective area of the membranes was 38.5 cm 2 . The membrane compaction at 0.413 MPa was performed for 1 h prior to flux studies. Later, the test run has been started with ultrapure deionised water and the permeate volume was collected for every 10 min followed by flux (Jw) determination using the following Equation (2) .
where V, A and ∆t are the permeate volume, membrane effective area and permeation time respectively.
Effluent Treatment Studies
Textile dye effluent has been employed for UF using the adsorbents filled membranes to evaluate the reduction of COD, BOD and dissolved salts. The UF experiment was carried out using the same dead-end stirred cell mentioned above and the permeate volume was collected for each 10 min. The effluent flux has been determined and the average volume. To improve the solute rejection efficiency, the effluent was dissolved in water soluble polymer PEI of 1 wt % overnight. The permeate volume was analysed for COD, BOD and sulphates using the standard methods. Then, the rejection efficiency in rejecting COD, BOD and sulphates were determined separately using the following Equation (3).
where Cf and Cp are the concentration of feed and permeate respectively for COD, BOD and sulphates rejection.
3.0 RESULTS AND DISCUSSION
Morphology of IO Nanoparticles
The synthesized IO nanoparticles appeared to be spherical with clustered aggregates in black color. The aggregation is attributed due to the van dar waals forces and magnetic interactions among the particles [18] . The morphology of IO nanoparticles is shown in Figure 1 (a) and the spectral measurements were recorded that indicated the elemental composition of 43.86% Fe and 57.14% of O as shown in Figure 1(b) . 
Characterization of Synthesized MMMs
XRD pattern of the virgin CA and CA/IO MMMs of different wt% of IO nanoparticles is shown in Figure 2 The crystallite size as measured using Equation (1) The top surface morphology of CA/AC and CA/IO MMMs (Figure 3 A1, B1 ) reveals that the sonication has its significance on dispersing the nanoparticles in uniform manner in the CA matrix. The efficient dispersion of adsorbents would provide more accessible active sites for pollutants to be adsorbed [19] . 
Pure Water Flux Studies
The water flux studies were performed for all synthesized membranes and the steady state flux values were reported as shown in Figure 4 . The highest flux of 11.22 Lm -2 h -1 was offered by CA/AC3 membrane which suggests that the increase in AC content increases. The addition of AC into the polymeric matrix will change its chemical properties, pore size distribution, porosity, and hence the filtration flux increased [20] . The skin-layer thickness and sub-layer porosity as well as the surface pores size of CA/AC MMMs intensively altered the permeate flux. Similarly, IO nanoparticles with minimal loading of 0.5 wt % also influenced the permeability to 7.17 Lm -2 h -1 due to its hydrophilicity offering (O) radicals. However, higher loadings of 1.5 and 2.5 wt % lead to decreasd flux lesser than the flux rate of neat CA. Hence, for effluent treatment CA with highest AC (CA/AC3) and lowest IO loading (CA/IO) has been chosen and investigated. Figure 5 shows the effect of PEI on flux decrease and the comparison of it with flux of effluent having no PEI and also pure water flux. The rejection ability of CA and each adsorbent based MMM were evaluated by the concentration of COD, BOD and sulphates contained in permeate and reject after each run using effluent with and without polymer binding. 
Efficiency of Polymer Assisted UF
Effect of PEI Complexation on BOD Removal
The BOD removal is highly intense for CA/IO MMM operated with PEI bound effluent that showed about 96.7% reduction as owing to fouling resistant ability of magnetite nanoparticles. The reject BOD concentration is 84 mg/l that ensures the adsorption capacity of IO impregnated in CA matrix. However, the reject volume of neat CA and CA/AC MMMs as shown in Figure 6 indicated increase in concentration of BOD of about 372 and 284 respectively. It can be concluded that superior hydrophilicity of CA/IO would also be the reason for reducing the irreversible fouling and resulted in higher flux with lesser % rejection.
Effect of PEI Complexation on COD Removal
Similar to BOD, the rejection efficiency of CA/IO in reducing COD was higher of about 89.86 % with the reject concentration of 654 mg/l, as shown in Figure 7 . The natural organic matter (NOM) and heavy metal concentration were greatly reduced and there had been evidences in using iron nanoparticles coated membranes for such removal [21] [22] [23] . Like IO nanoparticles, the presence of AC in CA/AC MMM has also influenced the COD rejection efficiency to about 89.2% owing to the addition of PEI. However, the reject COD concentration was high of about 944 mg/l as compared to 654 mg/l, which was the COD reject concentrate due to CA/IO MMMs. 
Effect of PEI Complexation on Sulphate Removal
In contrast to BOD and COD rejection efficiency, the highest sulphates rejection was observed to be 65.8% for PEI complexed effluent treated using CA/IO MMM ( Figure 8 ). The reason for lesser rejection is attributed to the fact that the dissolved salts pass through pores of UF membranes easily resulting in only less % rejection in comparison with that of COD and BOD. The CA/AC MMMs showed 44.72% sulphate rejection better than neat CA as it was observed to have only 12.8% sulphate rejection. These results confirm that the reducing ability of AC and IO nanoparticles present in CA matrix. 
4.0 CONCLUSION
The greener method of magnetite nanoparticles synthesis was carried out in this study and compared with the AC for its adsorption and rejection efficiency. The effect of nanoparticles loading in CA matrix was widely investigated based on the permeability flux and pore morphology. The pore size distribution and crystallite size owing to the addition of adsorbents was studied using XRD and FESEM characterization. The advantage of adsorption in decreasing the concentration of COD, BOD and sulphates in the textile effluent reject was the major breakthrough in this polymer enhanced UF study.
